wo 2014/118424 A1 I} TN 00O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/118424 A1l

7 August 2014 (07.08.2014) WIPO I PCT

(51

eay)

(22)

(25)
(26)
1

(72

74
31

International Patent Classification:
B66B 3/00 (2006.01) B66B 1/46 (2006.01)
G01C 21/20 (2006.01)

International Application Number:
PCT/FI2013/050111

International Filing Date:
1 February 2013 (01.02.2013)

Filing Language: English
Publication Language: English

Applicant: KONE CORPORATION [FI/FI]; Kartanontie
1, FI-00330 Helsinki (FI).

Inventors: SALMIKUUKKA, Jukka; Kalajarventie 13A,
FI-02970 Espoo (FI). VIRTANEN, Ari; Salmensuu 5E,
FI-02360 Espoo (FI). KRONKVIST, Kenneth;
Kylékaivontie 1 as. 20, FI-01350 Vantaa (FI).

Agent: PAPULA OY; POB 981, FI-00101 Helsinki (FI).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

—  of inventorship (Rule 4.17(iv))

Published:

—  with international search report (Art. 21(3))

(54) Title: AN APPARATUS AND A METHOD FOR ELEVATOR ALLOCATION USING A MAGNETIC FIELD MAP IN AN
ELEVATOR SYSTEM

330 320 310
A L /

(57) Abstract: The invention relates to a method and appar-
atus. In the method, a target area is divided to a plurality of
cells. A plurality of movement paths of mobile nodes (102)
are determined, each movement path comprising an origin
cell and a target cell, the origin cell and the target cell being
determined using a magnetic map (100) of the target area.
The durations of the plurality of movement paths are determ-

formed using the plurality of movement paths and the dura-
tions of the plurality of movement paths, the data structure

l_\ ined for an elevator user. A route topology data structure is
i

354 r
, . I : a [
N\ 37 . 350 £y

(200) comprising for a plurality of cells an estimated time to
reach an elevator location. An elevator call in a request cell is
determined by a requesting mobile node (102). The time to
reach the elevator location is determined using the data struc-
ture (200) and information on the request cell, and an elevat-

or (312, 322, 332) is selected to serve the elevator call based

&
o
o
EaS

2

312

e
23
N

7
322
FIG. 2

on the time to reach the elevator location, current positions of
at least two elevator cages (312, 322, 332), and current direc-
tions of at the least two elevator cages (312, 322, 332).
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TITLE OF THE INVENTION

AN APPARATUS AND A METHOD FOR ELEVATOR ALLOCATION US-
ING A MAGNETIC FIELD MAP IN AN ELEVATOR SYSTEM

BACKGROUND OF THE INVENTION

Field of the invention:

The invention relates to elevators, elevator
allocation for a user, and an apparatus and a method
for elevator allocation using a magnetic field map in

an elevator system.

Description of the Related Art:

Even in buildings with less than ten floors,
the correct allocation of elevator cages, that is, el-
evator cars to serve elevator calls from different
floors is essential for quick response time and re-
duced time spent in travelling in the elevator. The
time spent in the elevator is dependent on the number
of intermediate floors visited and the time the eleva-
tor cage doors are kept open. The problem is exacer-
bated in high rise buildings even though in high rise
buildings the floors are usually serviced by short-
distance and long-distance elevators so that only spe-
cific floors are accessible by the long-distance ele-
vators. As is well known, elevator calls may be made
from floors and from the elevator cages. An elevator
call may be understood as a command for the elevator
cage to wvisit a gpecific floor. In modern elevator
systems a user of the elevator may specify for the el-
evator the destination floor when making the elevator
call from a floor, that is, outside the elevator cage.
Herein the term elevator may be used to refer to the
elevator cage for simplicity. For improved elevator
response time, 1t must be possible to minimize the
time elevator cage door are kept open. Naturally,

closing the doors when there are still incoming pas-
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sengers and there is still room in the elevator cage
is perceived as annoying. In present elevator systems
the elevator users must come to a specific place where
an elevator call keypad is located to make the eleva-
tor call. In many cases the keypad is directly in
front of the elevators, but it may be also located
some distance from the elevators.

In order to improve the service offered by an
elevator system, it would be beneficial to be able to
predict when an elevator user arrives at the eleva-
tors. It would also be beneficial to be able to deter-
mine the destination floor of the elevator user. In
this way it would be possible to ensure that elevator

doors are not kept open too long.

SUMMARY OF THE INVENTION:

According to an aspect of the invention, the
invention is a method, comprising: dividing a target
area to grid having a predefined resolution, the grid
comprising a plurality of cells; determining a plural-
ity of movement paths of a plurality of mobile nodes,
each movement path comprising an origin cell and a
target cell, the origin cell and the target cell being
determined using a magnetic map of the target area;
determining the durations of the plurality of movement
paths for an elevator user; forming a route topology
data structure using the plurality of movement paths
and the durations of the plurality of movement paths,
the route topology data structure comprising for a
plurality of cells a time to reach an elevator loca-
tion cell; determining an elevator call in a request
cell by a requesting mobile node, the request cell be-
ing the cell in which the elevator call is made; de-
termining the time to reach the elevator location cell
using the route topology data structure and infor-
mation on the request cell; and selecting an elevator

car to serve the elevator call based on the time to
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reach the elevator location cell, a floor of the ele-
vator location cell, current positions of at least two
elevator cars, and current directions of at the least
two elevator cars.

According to an aspect of the invention, the
invention is a method, comprising: dividing a target
area to grid having a predefined resolution, the grid
comprising a plurality of cells by a mobile node; de-
termining a first cell by the mobile node using a mag-
netic map in the mobile node; determining a second
cell by the mobile node using the magnetic map in the
mobile node; determining the time elapsed to move be-
tween the first cell and the second cell; transmitting
information on the first cell, the second cell and the
time elapsed to a route network node; receiving a
route topology data structure by the mobile node from
the route network node, the route topology data struc-
ture comprising for a plurality of cells a time to
reach an elevator location cell; determining an eleva-
tor call by the mobile node; determining a request
cell in which the elevator call is made using the mag-
netic map in the mobile node; determining the time to
reach the elevator location cell using the route to-
pology data structure and information on the request
cell; and transmitting the time to reach the elevator
location cell to an elevator control network node.

According to a further aspect of the inven-
tion, the invention 1is an apparatus comprising at
least one processor and at least one memory including
computer program code, the at least one memory and the
computer program code configured to, with the at least
one processor, cause the apparatus at least to per-
form: dividing a target area to grid having a prede-
fined resolution, the grid comprising a plurality of
cells; receiving information on a plurality of move-
ment paths of a plurality of mobile nodes, each move-

ment path comprising an origin cell and a target cell,
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the origin cell and the target cell being determined
using a magnetic map of the target area; determining
the durations of the plurality of movement paths;
forming a route topology data structure using the plu-
rality of movement paths and the durations of the plu-
rality of movement paths, the route topology data
structure comprising for a plurality of cells a time
to reach an elevator location cell; receiving infor-
mation on an elevator call in a request cell by a re-
questing mobile node, the request cell being the cell
in which the elevator call is made; determining the
time to reach the elevator location cell using the
route topology data structure and the request cell;
and selecting an elevator car to serve the elevator
call based on the time to reach the elevator location
cell, a floor of the elevator location cell, current
positions of at least two elevator cars, and current
directions of at the least two elevator cars.

According to a further aspect of the inven-
tion, the invention is an elevator control computer
comprising the apparatus.

According to a further aspect of the inven-
tion, the invention 1is an apparatus comprising at
least one processor and at least one memory including
computer program code, the at least one memory and the
computer program code configured to, with the at least
one processor, cause the apparatus at least to per-
form: dividing a target area to grid having a prede-
fined resolution, the grid comprising a plurality of
cells; receiving information on a plurality of move-
ment paths of a plurality of mobile nodes, each move-
ment path comprising an origin cell and a target cell,
the origin cell and the target cell being determined
using a magnetic map of the target area; determining
the durations of the plurality of movement paths;
forming a route topology data structure using the plu-

rality of movement paths and the durations of the plu-
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rality of movement paths, the route topology data
structure comprising for a plurality of cells a time
to reach an elevator location cell; receiving infor-
mation on an elevator call in a request cell by a re-
questing mobile node, the request cell being the cell
in which the elevator call is made; determining the
time to reach the elevator location cell using the
route topology data structure and the request cell;
and selecting an elevator car to serve the elevator
call based on the time to reach the elevator location
cell, a floor of the elevator location cell, current
positions of at least two elevator cars, and current
directions of at the least two elevator cars.

According to a further aspect of the inven-
tion, the invention 1is a mobile node comprising the
apparatus.

According to a further aspect of the inven-
tion, the invention is an apparatus comprising: means
for dividing a target area to grid having a predefined
resolution, the grid comprising a plurality of cells;
means for determining a plurality of movement paths of
a plurality of mobile nodes, each movement path com-
prising an origin cell and a target cell, the origin
cell and the target cell being determined using a mag-
netic map of the target area; means for determining
the durations of the plurality of movement paths for
an elevator user; means for forming a route topology
data structure using the plurality of movement paths
and the durations of the plurality of movement paths,
the route topology data structure comprising for a
plurality of cells a time to reach an elevator loca-
tion cell; means for determining an elevator call in a
request cell by a requesting mobile node, the request
cell being the cell in which the elevator call 1is
made; means for determining the time to reach the ele-
vator location cell wusing the route topology data

structure and information on the request cell; and
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means for selecting an elevator car to serve the ele-
vator call based on the time to reach the elevator lo-
cation cell, a floor of the elevator location cell,
current positions of at least two elevator cars, and
current directions of at the least two elevator cars.
According to a further aspect of the inven-
tion, the invention is an apparatus comprising: means
for dividing a target area to grid having a predefined
resolution, the grid comprising a plurality of cells
by a mobile node; means for determining a first cell
by the mobile node using a magnetic map in the mobile
node; determining a second cell by the mobile node us-
ing the magnetic map in the mobile node; means for de-
termining the time elapsed to move between the first
cell and the second cell; means for transmitting in-
formation on the first cell, the second cell and the
time elapsed to a route network node; means for re-
ceiving a route topology data structure by the mobile
node from the route network node, the route topology
data structure comprising for a plurality of cells a
time to reach an elevator location cell; means for de-
termining an elevator call by the mobile node; means
for determining a request cell in which the elevator
call is made using the magnetic map in the mobile
node; means for determining the time to reach the ele-
vator location cell wusing the route topology data
structure and information on the request cell; and
means for transmitting the time to reach the elevator
location cell to an elevator control network node.
According to a further aspect of the inven-
tion, the invention 1is a computer program comprising
code adapted to cause the following when executed on a
data-processing system: dividing a target area to grid
having a predefined resolution, the grid comprising a
plurality of cells; determining a plurality of move-
ment paths of a plurality of mobile nodes, each move-

ment path comprising an origin cell and a target cell,
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the origin cell and the target cell being determined
using a magnetic map of the target area; determining
the durations of the plurality of movement paths for
an elevator user; forming a route topology data struc-
ture using the plurality of movement paths and the du-
rations of the plurality of movement paths, the route
topology data structure comprising for a plurality of
cells a time to reach an elevator location cell; de-
termining an elevator call in a request cell by a re-
questing mobile node, the request cell being the cell
in which the elevator call is made; determining the
time to reach the elevator location cell using the
route topology data structure and information on the
request cell; and selecting an elevator car to serve
the elevator call based on the time to reach the ele-
vator location cell, a floor of the elevator location
cell, current positions of at least two elevator cars,
and current directions of at the least two elevator
cars.

According to a further aspect of the inven-
tion, the invention 1is a computer program comprising
code adapted to cause the following when executed on a
data-processing system: dividing a target area to grid
having a predefined resolution, the grid comprising a
plurality of cells by a mobile node; determining a
first cell by the mobile node using a magnetic map in
the mobile node; determining a second cell by the mo-
bile node using the magnetic map in the mobile node;
determining the time elapsed to move between the first
cell and the second cell; transmitting information on
the first cell, the second cell and the time elapsed
to a route network node; receiving a route topology
data structure by the mobile node from the route net-
work node, the route topology data structure compris-
ing for a plurality of cells a time to reach an eleva-
tor location cell; determining an elevator call by the

mobile node; determining a request cell in which the
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elevator call is made using the magnetic map in the
mobile node; determining the time to reach the eleva-
tor location cell using the route topology data struc-
ture and information on the request cell; and trans-
mitting the time to reach the elevator location cell
to an elevator control network node.

According to a further aspect of the inven-
tion, the invention is a computer program product com-—
prising the computer program.

According to an aspect of the invention, the
invention is a method comprising, a computer program
comprising, or an apparatus comprising means for: di-
viding a target area to a plurality of cells; deter-
mining a plurality of movement paths of a plurality of
mobile nodes, each movement path comprising an origin
cell and a target cell, the origin cell and the target
cell being determined using a magnetic map of the tar-
get area; determining the durations of the plurality
of movement paths for an elevator user; forming a
route topology data structure using the plurality of
movement paths and the durations of the plurality of
movement paths, the route topology data structure com-
prising for a plurality of cells a time to reach an
elevator location; determining an elevator call in a
request cell where the elevator call is made by a re-
questing mobile node; determining the time to reach
the elevator location using the route topology data
structure and information on the request cell; and se-
lecting an elevator car to serve the elevator call
based on the time to reach the elevator location, a
floor of the elevator location, current positions of
at least two elevator cars, and current directions of
at the least two elevator cars.

According to an aspect of the invention, the
invention is a method comprising, a computer program
comprising, or an apparatus comprising means for: di-

viding a target area to a plurality of cells; deter-
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mining a plurality of movement paths of a plurality of
mobile nodes, each movement path comprising an origin
cell and a target cell, the origin cell and the target
cell being determined using a magnetic map of the tar-
get area; determining the durations of the plurality
of movement paths for an elevator user; determining an
elevator call in a request cell where the elevator
call is made by a requesting mobile node; determining
the time to reach the elevator location using infor-
mation on the request cell; and selecting an elevator
car to serve the elevator call based on the time to
reach the elevator location, a floor of the elevator
location, current positions of at least two elevator
cars, and current directions of at the least two ele-
vator cars.

In one embodiment of the invention, the ele-
vator car may also be referred to as elevator cage.
The elevator car may be elevator cage.

In one embodiment of the invention, the time
to reach an elevator location cell is an estimate of
the time to reach an elevator location cell.

In one embodiment of the invention, the tar-
get area is a floor of a building. The floor may be
above or below ground 1level. The grid cells may be
squares of predefined size in the floor. The duration
of a movement path is the time required to walk or
otherwise travel the path. The target area may com-
prise a plurality of floors or levels. The floors or
levels may share the elevator location cell on one of
the floors or location cells.

In one embodiment of the invention, the route
topology data structure comprises information on a
plurality of paths on the floor. At least one path
leads to an area or a plurality of areas in front of
the at least two elevator cars on the floor. An area
in front of the at least two elevator cars is the ele-

vator location cell. The route topology data structure
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also comprises information on specific points on the
path how it takes to reach the elevator location cell.

In one embodiment of the invention, the re-
quest cell is the cell in which the elevator call is
made.

In one embodiment of the invention, the meth-
od further comprises measuring a magnetic map of a
target area using a magnetometer; and storing the mag-
netic map to a memory.

In one embodiment of the invention, the step
of storing the magnetic map to a memory comprises
transmitting a plurality of magnetic map measurements
of the target area to a magnetic map network server;
and storing the magnetic map to a memory within the
magnetic map network server.

In one embodiment of the invention, the meth-
od further comprises determining the actual time re-
quired for the requesting mobile node to reach the el-
evator location cell; and updating the data related to
at least the request cell in the route topology data
structure using the actual time.

In one embodiment of the invention, the meth-
od further comprises associating a mobile node identi-
fier for each of the plurality of movement paths; de-
termining a speed category for each mobile node; and
storing in the route topology data structure a time to
reach an elevator location cell for each speed catego-
ry.

In one embodiment of the invention, the step
of determining the time to reach the elevator location
cell further comprises determining the speed category
of the mobile node.

In one embodiment of the invention, the ele-
vator call comprises information on the target floor
and the selecting of the elevator car to serve the el-
evator call uses the target floor as a further crite-

rion. The target floor is to be understood as the des-



WO 2014/118424 PCT/FI12013/050111

11

tination of the elevator ride for the user, the mobile
node of which detects or makes the elevator call.

In one embodiment of the invention, the
method further comprises transmitting information on
the magnetic map to the plurality of mobile nodes.

In one embodiment of the invention, wherein
the step of forming the route topology data structure
comprises receiving information on the plurality of
movement paths and movement path durations from the
plurality of mobile node to a route network server;
and forming the route topology data structure in the
route network server.

In one embodiment of the invention, the meth-
od further comprises receiving the elevator call from
the requesting mobile node by the route network serv-
er, the route network server determining the time to
reach the elevator location cell using the route to-
pology data structure and the request cell and the
route network server gelecting the elevator car to
serve the elevator call.

In one embodiment of the invention, the meth-
od further comprises transmitting a regquest to a con-
troller associated with the selected elevator car, the
request indicating the floor the elevator call was
made in.

In one embodiment of the invention, the meth-
od further comprises indicating the selected elevator
car to the user of the mobile node.

In one embodiment of the invention, the se-
lected elevator car is indicated to the user of the
mobile node using a display of the mobile node.

In one embodiment of the invention, the se-
lected elevator car is indicated to the user of the
mobile node using an external display within a prede-
fined proximity from the mobile node.

In one embodiment of the invention, in the

selection of the elevator car to serve the elevator
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call is used the time to reach a door of the elevator
car from the elevator location cell. There may be mul-
tiple elevator location cells within a floor. The ele-
vator location cells may be located in front of, for
example, a row or other spatial arrangement of the el-
evator shafts. The nearest elevator location cell to
the request cell where the elevator call may be made
may be selected as the elevator location cell.

In one embodiment of the invention, elevator
control network node is configured to select an eleva-
tor car to serve the elevator call based on the time
to reach the elevator location cell, a floor of the
elevator location cell, current positions of at least
two elevator cars, and current directions of at the
least two elevator cars.

In one embodiment of the invention, the se-
lecting of the elevator car to serve the elevator call
comprises determining for the at least two elevator
cars the time to reach the floor of the elevator loca-
tion cell based on current positions of at least two
elevator cars and current directions of at the least
two elevator cars and optionally current speeds of the
at least two elevator cars, determining for the at
least two elevator cars a time window the elevator car
doors may be held open without introducing undue delay
for the elevator car, and selecting an elevator car
among the at least two elevator cars for which the
time window the elevator car doors may be held open
fits the time to reach the elevator location cell. For
the fitting the time window may be reduced from the
time window end time so that, for example, to the time
window is not included a short time before the eleva-
tor car doors are closed.

In one embodiment of the invention, by eleva-
tor car doors may also be meant doors preventing ac-
cess to an elevator shaft. An elevator car itself may

not have doors.
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In one embodiment of the invention, the mo-
bile node comprises at least one of a handset, a chip-
set, a mobile device and a mobile terminal.

In one embodiment of the invention, the at
least one processor of the apparatus, for example, of
the mobile node or the elevator control node may be
configured to perform any of the method steps dis-
closed hereinabove.

In one embodiment of the invention, the mo-
bile node such as a User Equipment (UE) comprises a
mobile station or generally a mobile terminal. In one
embodiment of the invention a user of a mobile termi-
nal is identified using a subscriber module, for exam-
ple, User Services Identity Module (USIM) or a Sub-
scriber Identity Module (SIM). The combination of Mo-
bile Equipment (ME) and a subscriber module may be re-
ferred to as a mobile subscriber. A mobile subscriber
may be identified using an IMSI. An IP address may be
allocated or associated with a mobile subscriber.

In one embodiment of the invention, the appa-
ratus is a semiconductor circuit, a chip or a chipset.

In one embodiment of the invention, the mo-
bile node is configured to be used in a 4G system such
as, for example, LTE Evolved Packet System (EPS).

In one embodiment of the invention, the com-
puter program is stored on a computer readable medium.
The computer readable medium may be, but is not lim-
ited to, a removable memory card, a removable memory
module, a magnetic disk, an optical disk, a holograph-
ic memory or a magnetic tape. A removable memory mod-
ule may be, for example, a USB memory stick, a PCMCIA
card or a smart memory card.

In one embodiment of the invention, an appa-
ratus comprising at least one processor and at least
one memory including computer program code, the at
least one memory and the computer program code are

configured to, with the at least one processor, cause
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the apparatus at least to perform a method according
to any of the method steps.

The embodiments of the invention described
hereinbefore may be used in any combination with each
other. Several of the embodiments may be combined to-
gether to form a further embodiment of the invention.
A method, an apparatus, a computer program oOr a com-
puter program product to which the invention is relat-
ed may comprise at least one of the embodiments of the
invention described hereinbefore.

It is to be understood that any of the above
embodiments or modifications can be applied singly or
in combination to the respective aspects to which they
refer, unless they are explicitly stated as excluding
alternatives.

The benefits of the invention are related to
improved elevator response time, reduced travel time
in elevators and reduced energy consumption of an ele-

vator system.

BRIEF DESCRIPTION OF THE DRAWINGS:

The accompanying drawings, which are included
to provide a further understanding of the invention
and constitute a part of this specification, illus-
trate embodiments of the invention and together with
the description help to explain the principles of the
invention. In the drawings:

Fig. 1 illustrates a magnetic map of a floor
and the movement of a mobile station on the floor in
one embodiment of the invention;

Fig. 2 illustrates a route topology data
structure representing a floor in one embodiment of
the invention;

Fig. 3 illustrates two floors, three elevator
shafts and elevator cages and an elevator selection
system comprising a mobile node in one embodiment of

the invention;
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Fig. 4 is a flow chart illustrating a method
for elevator selection in one embodiment of the inven-
tion;

Fig. 5 is a block diagram illustrating a mo-
bile node in one embodiment of the invention; and

Fig. 6 is a block diagram illustrating a net-

work node in one embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS:

Reference will now be made in detail to the
embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

Figure 1 illustrates a magnetic map of a
floor and the movement of a mobile station on the
floor in one embodiment of the invention. In Figure 1
there is illustrated a magnetic map 100 of a floor. A
position on the floor is expressed in terms of coordi-
nates in an x-axis 120 and in a y-axis 122. The mag-
netic map reveals magnetic flux density in a number of
points on the floor. The magnetic field measured on
the floor area is based at least partly on the magnet-
ic field of the Earth. Different structures and ob-
jects of the building (not shown) in which the floor
is contained affect the magnetic field. Static or Ex-
tremely Low-Frequency (ELF) magnetic fields in build-
ings may arise from both natural and man-made sources,
for example, electric power cabling systems, different
electric and electronic devices. Steel and reinforced
concrete in buildings may cause fluctuations in the
ambient magnetic field, which may be reflected on mag-
netic flux densities recorded on map 100. Some points
on the floor may not be accessible for measurement,
for example, due to walls, girders, pipelining or
electrical lines. In Figure 1 a map of an entire floor
is illustrated for simplicity. Magnetic map 100 1is
formed, for example, using a gseparate magnetometer

which is further provided with information on current
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positions of the magnetometer on the floor. The cur-
rent positions may be obtained using at least one of
manual entry, a satellite positioning system, a cellu-
lar network geographic positioning system, a near-
field receiver or transmitter based positioning system
and an accelerometer. Current positions on the floor
may be obtained by the magnetometer by utilizing in-
formation on at least one predefined known position
and information provided to the magnetometer by an as-
sociated accelerometer and a gyroscope. The accelerom-
eter and the gyroscope may determine the speed and di-
rection of the motion of the magnetometer. The accel-
erometer and the gyroscope may be embedded in a single
device together with the magnetometer. The single de-
vice may be a robot or it may be carried by a human
user. The single device may be embedded in a mobile
node, for example, a mobile phone or communication de-
vice. Magnetic flux density in different points on map
100 is illustrated in Figure 1 using gradient lines
such as gradient lines 110, 112, 114 and 11l6.

In Figure 1 it is assumed that a mobile node
102 has access to a memory in which map 100 is stored.
Map 100 may be downloaded to mobile node 102. Mobile
node 102 moves a path illustrated with arrow 104 on
the floor. The mobile node 102 comprises a magnetome-
ter (not shown) which measures magnetic flux density
during the moving of the path illustrated with arrow
104. In the path illustrated with arrow 104 the magne-
tometer provides information to mobile node 102 on the
magnetic flux densities encountered. Mobile node 102
may be seen to cross magnetic field gradient lines
110, 112 and 114 while moving the path. The gradient
lines represent specific magnetic flux densities meas-
ured in, for example, uTesla or Gauss units. Mobile
node 102 may determine its position based on a match-
ing of a plurality of magnetic flux densities measured

on the path to a plurality of magnetic flux densities
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on map 100. The matching may utilize speed and direc-
tion information provided by a gyroscope and an accel-
erometer associated with mobile node 102. Mobile node
102 may search for the best matching path from map 100
using the path illustrated with arrow 104 so that the
magnetic flux densities measured using magnetometer
are within a predefined error from the magnetic flux
densities recorded in map 100. The search may utilize
information on a previously determined position of mo-
bile node 102. For simplicity of illustration, walls
or other obstacles are not shown in Figure 1.

Figure 2 illustrates a route topology data
structure representing a floor in one embodiment of
the invention. In Figure 2 there is a route topology
data structure 200, in short, a data structure 200.
The route in this context refers to human walker, ro-
bot or vehicle accessible routes to an area from which
elevators may be entered without a significant delay.
In Figure 2 there is also shown mobile node 102, which
may be the mobile node illustrated in Figure 1. 1In
Figure 2 the route topology data structure is illus-
trated as a matrix M. A data structure with equivalent
function may also be, for example, a sparse matrix or
a network of memory records. The matrix has 7 rows and
11 columns illustrating different points on the floor.
The matrix represents a division of the floor to a
grid. The matrix entries may also be referred to as
grid cells, that is, squares on specific rows and col-
umns. The floor may be the floor from which magnetic
map 100 is formed in Figure 1. The normal matrix entry
numbering convention is illustrated for entries Ej.,
Eiz, Eiz and E;;. The matrix comprises entries accessi-
ble for an elevator user such as entries 202 and 204.
The matrix also comprises entries not accessible for
an elevator user such as entry 206. The entry for ele-
vators 1is entry 210 and the entry for location from

which elevators are entered is entry 212. Entry 212
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may also be referred to as elevator location cell,
that is, grid cell. The matrix entries each comprise
information on which neighbor entries are accessible
from the entry in question. This is illustrated in
Figure 2 with arrows such as arrow 208. Walls or other
obstructions are illustrated with enforced lines. The
matrix entries may also comprise information on the
estimated walking time from the entry to entry 212
from which elevators are entered. There may be differ-
ent estimated walking times for different walker speed
categories. Walkers may be categorized to a plurality
of walker categories. There may be a plurality of ele-
vators.

Initially, the matrix may be empty or have
default wvalues or comprise only part of the entries,
for example, entry 212 from which elevators are en-
tered, that 1is, an area in front of a number of eleva-
tors. Thereafter, as a plurality of mobile nodes move
in the area of the floor, other entries may be record-
ed in the matrix. The plurality of mobile nodes are
provided a predefined spatial size of the entries,
that is, the size of a grid in which the floor is di-
vided. The plurality of mobile nodes determine their
current positions, that is, the matrix entries based
on a magnetic map of the floor, for example, magnetic
map 100. Measured walking times from other entries to
entry 212 are recorded to the respective entries. Also
walking times between neighboring entries or any other
two entries may be measured using the plurality of mo-
bile nodes. Similarly, information on the accessibil-
ity between entries is recorded in the matrix based on
recorded movement of the plurality of mobile nodes.
The mobile node measurements regarding walking times
between entries and accessibility between entries are
provided to a network node in communication with the
plurality of network nodes via a plurality of base

transceiver stations and a network. The base trans-
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ceiver stations may be Wireless Local Area Network
(WLAN) base transceiver stations or cellular base
transceiver stations. The network may be a mobile com-
munication system such as the Universal Mobile Tele-
communication System (UMTS), Global System of Mobile
communications (GSM) or Long-Term Evolution (LTE) or
other similar network. The network may comprise a
packet switched or a circuit switched network.

The matrix may be regularly traversed by the
network node starting, for example, from entry 212 to
calculate cumulative walking times to entry 212 from
any entries accessible from entry 212. Some mobile
nodes may have traversed a path of entries that does
not reach entry 212, but that crosses another path
reaching entry 212. Information on connections between
entries that have not been used within a predefined
period of time may be removed from the affected en-
tries. Therefore, in case a new wall or other obstruc-
tion is installed to the floor, the path via wall may
be removed from the matrix. This is illustrated with
faded lines in entry 206.

In one embodiment of the invention, there 1is
more than one matrix entry, that is, grid cell from
which elevators are directly accessible, that is,
without a significant walking time. There may be a
long row of elevators. The area in front of the row of
elevators may be divided in two or more elevator loca-
tion cells, that is, matrix entries. In the matrix en-
tries may be stored information on the route to the
closest matrix entry from which elevators may be en-
tered. In the matrix entries may be stored information
on the route to the all matrix entries from which ele-
vators may be entered. The route information comprises
the walking time. In one embodiment of the invention,
in a selection of the elevator cage to serve the ele-
vator call is used the time to reach a door of the el-

evator cage from the elevator location cell. The ele-
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vator cage may also be referred to as elevator car.
This may be necessary, 1f the walking time from the
closest matrix entry to the elevator door exceeds a
time proportional to the minimum time the elevator
doors are kept open.

The embodiments of the invention described
hereinbefore in association with Figures 1 and 2 may
be used in any combination with each other. Several of
the embodiments may be combined together to form a
further embodiment of the invention.

Figure 3 illustrates two floors, namely
floors 302 and 304, three elevator shafts, namely ele-
vator shafts 310, 320 and 330, and three elevator cag-
es and an elevator system in one embodiment of the in-
vention. The number of elevators and floors 1is just
for illustrative purposes and may vary in different
embodiments. The figure may not be in scale with actu-
al implementations. In Figure 3 there is illustrated
also an elevator system 300. System 300 comprises ele-
vator cages 312, 322 and 332. The system 300 comprises
also a network node 342, for example, a network serv-
er. Network node 342 is communicatively connected to
elevator cages 312, 322 and 332 as illustrated with
arrow 344. In a memory of network node 342 there 1is
maintained information on the current vertical posgi-
tions on elevator cages 312, 322 and 332, for example,
at a granularity of floor or at a higher granularity.
In the memory of network node 342 there may also be
maintained information on the speeds 314, 324, 334 and
current directions of elevator cages 312, 322 and 332,
respectively. Network node 342 is also communicatively
connected to a base station 340, which may be, for ex-
ample, a cellular system base station or a WLAN access
point. In Figure 3 base station 340 is illustrated on
a floor, but it may be located also outside. Base sta-
tion 340 is communicatively connected to mobile node

102, which may be a cellular phone or a personal com-
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municator, for example, a UMTS or LTE User Equipment
(UE), or a GSM Mobile Station (MS). Mobile node 102
may be any portable electronic device.

The starting point in Figure 3 is that mobile
node 102 has obtained a magnetic map, for example,
magnetic map 100 from network node 342. Mobile node
102 also has obtained from network node 342 a route
topology data structure, for example, data structure
200 which may be used by mobile node 102 to estimate
the walking time to an area 354 in front of elevators
based on a current position of mobile node 102. Area
354 may be referred to as an elevator location cell or
matrix entry from which elevators may be entered. The
current position of mobile node 102 within floor 302
is determined using the magnetic map. In one embodi-
ment of the invention, the route topology data struc-
ture 1s not sent to mobile node 102, but mobile node
102 only sends information at the detection of an ele-
vator call on the current position of mobile node 102
to network node 342.

When mobile node 102 reaches an area 352 an
elevator call is made. The elevator call comprises in-
formation that the destination floor for the elevator
travel is floor 304. The elevator call may be made by
the user using a user interface of mobile node 102 or
automatically when reaching area 352, which may be
used as a criterion for determining that with a proba-
bility exceeding a predefined threshold the user of
mobile node 102 make an elevator travel from floor 302
to floor 304. The current time of the day may be used
as an additional criterion for making the elevator
call automatically by mobile node 102. When the eleva-
tor call has been made, mobile node determines the es-
timated walking time to reach area 354 from area 352
using the route topology data structure. The route is
illustrated with arrow 350. Possible obstacles that

cause a rectangular shape for the route are not shown
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in Figure 3. Mobile node 102 sends the estimated walk-
ing time to network node 342 via base station 340. Up-
on receiving the estimated walking time, network node
342 may check the elevator cage positions and direc-
tions. Network node 342 may also check elevator cage
speeds and the floors in which the elevator cages are
scheduled to stop. Network node 342 may compare the
estimated walking time to the estimated times for each
elevator cage to reach floor 302, taking into consid-
eration the current scheduled stops, directions and
speeds of the elevator cages. Network node 342 selects
the best matching elevator cage. In Figure 3 elevator
cage 324 may be selected because it is closest to
floor 302 when the user of mobile node 102 reaches ar-
ea 354. Elevator cage 312 may not be selected as it is
assumed to arrive too soon at floor 302, which may
cause undesired waiting for passengers currently in
elevator <cage 312 or passengers walting 1in other
floors in which cage 312 is scheduled to stop. When
the user of mobile node 102 is detected to enter ele-
vator cage 324 and if there are no users for which el-
evator cage 324 has been selected, the elevator doors
may be closed immediately. The user of mobile node 102
being in cage 324 may be detected using at least one
of a near-field transmitter in cage 324 read by mobile
node 102, mobile node 102 indicating the current posi-
tion of mobile node 102 based on magnetic map to net-
work node 342 and an elevator cage scale in cage 324.

The embodiments of the invention described
hereinbefore in association with Figures 1, 2 and 3
may be used in any combination with each other. Sever-
al of the embodiments may be combined together to form
a further embodiment of the invention.

Figure 4 is a flow chart illustrating a meth-
od for elevator selection in one embodiment of the in-

vention.



WO 2014/118424 PCT/FI12013/050111

23

At step 400 a target area, for example, a
floor of a building is divided to a grid having a pre-
defined resolution, the grid comprising a plurality of
cells. The resolution, that is, the grid cell sizes,
is defined in meters or centimeters.

At step 402 a plurality of movement paths of
a plurality of mobile nodes are determined, each move-
ment path comprising an origin cell and a target cell,
the origin cell and the target cell being determined
using a magnetic map of the target area. The durations
of the plurality of movement paths are determined for
an elevator user. Durations may be determined for a
different walker speed categories or for individual
walkers that are identified using a mobile node iden-
tifier. The determination of the durations of the plu-
rality movement paths may be performed during the de-
termination of the movement paths. Information on the
movement paths and durations may be sent to a route
network node. The plurality of the mobile nodes may
store the magnetic map in their memories.

At step 404 is formed a route topology data
structure using the plurality of movement paths and
the durations of the plurality of movement paths for
an elevator user, the route topology data structure
comprising for a plurality of cells a time to reach an
elevator location cell. The route topology data struc-
ture may be distributed by the route network node to a
plurality of mobile nodes.

In one embodiment of the invention, the route
topology data structure may comprise information on
movement paths and path durations to multiple elevator
location cells. A closest elevator location cell may
be selected for determining a walking distance to ele-
vators. This walking distance is then used for the se-
lection of the elevator cage. The selection may be
performed by the route network node or by a requesting

mobile node.
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At step 406 is obtain information on an ele-
vator call made by the reguesting mobile node in a re-
quest cell, that is, the cell in which the elevator
call is made. The information on the elevator call and
the regquest cell may be provided to the route network
node.

At step 408 is determined the time to reach
the elevator location cell using the route topology
data structure and information on the request cell.
The information on the elevator call, the request cell
or the time to reach the elevator location cell may be
provided to an elevator control network node.

At step 410 is selected an elevator cage to
serve the elevator call based on the time to reach the
elevator location cell, a floor of the elevator loca-
tion cell, current positions of at least two elevator
cages, and current directions of at the least two ele-
vator cages. The selection may be performed in the el-
evator control network node.

In one embodiment of the invention, the steps
may be performed in the order of numbering.

In one embodiment of the invention, the route
network node and the elevator control network node are
the same network node. They may be different logical
network nodes within a single computer.

Figure 5 1is a block diagram illustrating an
apparatus in one embodiment of the invention. In Fig-
ure 5 there is an apparatus 500, which is, for exam-
ple, a mobile node, a cellular system user eqgquipment
such as UMTS or LTE UE, a cellular system mobile sta-
tion, an Application Specific Integrated Circuit
(ASIC), a chip or a chipset. Apparatus 500 may corre-
spond to a mobile node illustrated in Figures 1, 2 and
3. The internal functions of apparatus 500 are illus-
trated with a box 502. Apparatus 500 may comprise at
least one antenna 510. There may be multiple input and

output antennas. In association with apparatus 500
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there 1is at least one Radio Frequency (RF) circuit
512. RF circuit 512 may be also any circuit or may be
referred to as circuit 512 or circuitry 512. RF cir-
cuit 512 may also comprise a baseband circuit. RF cir-
cuit 512 is communicatively connected to at least one
processor 514. Connected to the at least one processor
514 there may be a first memory 520, which is, for ex-
ample, a Random Access Memory (RAM). There may also be
a second memory 518, which may be a non-volatile
memory, for example, an optical or magnetic disk or a
solid state disk. There is also a position and speed
determination chip or circuit b516. Circuit 516 com-
prises a magnetometer, a gyroscope and an accelerome-
ter. In memory 520 there may be stored software relat-
ing to functional entities 532, 534 and 536.

A protocol stack entity 532 communicates via
an RF entity 530 with the at least one RF circuit 514
to perform signaling towards a base station and user
data transmission and reception to/from the base sta-
tion. An elevator application 534 obtains position and
speed data of apparatus 500 from circuit 516. Elevator
application 534 may store route topology data struc-
ture 538 in memory 520 formed using position and speed
and direction information determined by elevator ap-
plication 534 using circuit 516. Elevator application
534 accesses information on magnetic map 536 stored in
memory 520. Elevator application may transmit elevator
calls to a remote network node via protocol stack en-
tity 532. Elevator application 534 may determine a
plurality of movement paths of a plurality of mobile
nodes, each movement path comprising an origin cell
and a target cell, the origin cell and the target cell
being determined using a magnetic map of the target
area. Elevator application 534 may determine the dura-
tions of the plurality of movement paths for an eleva-
tor user. Elevator application 534 may determine an

elevator call in a request cell by a requesting mobile
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node, the request cell being the cell in which the el-
evator call is made. The elevator call may be deter-
mined by the user giving the call via a user interface
of apparatus 500, for example, via a touchscreen or a
keypad. The elevator call may be determined by eleva-
tor application 534 automatically, for example, when
the user is in a predetermined position determined us-
ing the magnetic map.

RF circuit 512 may comprise a transmitter for
SC-FDMA and a receiver and a transmitter for OFDMA. RF
circuit 512 may also comprise a receiver for SC-FDMA.
RF circuit 512 may also comprise a transmitter and a
receiver circuit for WLAN transmission or reception.
As used in this application, the term ‘circuitry’ and
‘circuit’ refers to all of the following: (a)hardware-
only circuit implementations (such as implementations
in only analog and/or digital circuitry) and (b) to

combinations of circuits and software (and/or firm-

ware), such as (as applicable): (i) to a combination
of processor(s) or (idi) to portions of ©proces-
sor (s) /software (including digital signal ©proces-

sor(s)), software, and memory(ies) that work together
to cause an apparatus, such as a mobile phone or serv-
er, to perform various functions) and (c¢c) to circuits,
such as a microprocessor(s) or a portion of a micro-
processor (s), that require software or firmware for
operation, even if the software or firmware is not
physically present. This definition of ‘circuitry’ ap-
plies to all uses of this term in this application,
including in any claims. As a further example, as used
in this application, the term “circuitry” would also
cover an implementation of merely a processor (or mul-
tiple processors) or portion of a processor and its
(or their) accompanying software and/or firmware. The
term “circuitry” would also cover, for example and if
applicable to the particular claim element, a baseband

integrated circuit or applications processor integrat-
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ed circuit for a mobile phone or a similar integrated
circuit in server, a cellular network device, or other
network device

When the at least one processor 514 executes
functional entities associated with the invention,
memory 520 comprises entities such as, any of the
functional entities 532, 534 and 536.

Figure 6 1s a block diagram illustrating a
network node in one embodiment of the invention. In
Figure 6 there is an apparatus 600, which is, for ex-
ample, a network node, a computer, a server computer,
an Application Specific Integrated Circuit (ASIC), a
chip or a chipset. Apparatus 600 may correspond to a
network node illustrated in Figure 3. The internal
functions of apparatus 600 are illustrated with a box
602. Apparatus 600 may comprise at least one antenna
610. There may be multiple input and output antennas.
In association with apparatus 600 there is at least
one Radio Frequency (RF) circuit 612. RF circuit 612
may be also any circuit or may be referred to as cir-
cuit 612 or circuitry ©612. RF circuit 612 may also
comprise a baseband circuit. RF circuit 612 is commu-
nicatively connected to at least one processor 614,
Connected to the at least one processor 614 there may
be a first memory 620, which is, for example, a Random
Access Memory (RAM). There may also be a second memory
618, which may be a non-volatile memory, for example,
an optical or magnetic disk or a solid state disk.
There an elevator interface circuit 516 for obtaining
information from at least one elevator cage. In memory
620 there may be stored software relating to function-
al entities 632, 634 and 636.

A protocol stack entity 632 communicates via
an RF entity 630 with the at least one RF circuit o614
to perform signaling towards a base station and user
data transmission and reception to/from the base sta-

tion. An elevator application 634 obtains position and
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speed data of apparatus 600 from elevator interface
circuit 616. Elevator application 634 may store route
topology data structure 638 in memory 520 formed using
movement path and path duration information received
from a plurality of mobile nodes. The route topology
data structure is formed using the plurality of move-
ment paths and the durations of the plurality of move-
ment paths, the route topology data structure compris-
ing for a plurality of cells an estimated time to
reach an elevator location. Elevator application 634
may store a magnetic map 636 stored in memory 620. The
magnetic map may be distributed to a plurality of mo-
bile nodes by elevator application 634. Elevator ap-
plication 634 may receive elevator calls from mobile
nodes via protocol stack entity 632. Elevator applica-
tion 634 may perform the selection of elevator cages
to serve elevator calls. Elevator application 634 may
issue floor visit instructions to the at least one el-
evator cage via elevator interface circuit 616.

RF circuit 612 may comprise a transmitter for
SC-FDMA and a receiver and a transmitter for OFDMA. RF
circuit 612 may also comprise a receiver for SC-FDMA.
RF circuit 612 may also comprise a transmitter and a
receiver circuit for WLAN transmission or reception.
As used in this application, the term ‘circuitry’ and
‘circuit’ refers to all of the following: (a)hardware-
only circuit implementations (such as implementations
in only analog and/or digital circuitry) and (b) to

combinations of circuits and software (and/or firm-

ware), such as (as applicable): (i) to a combination
of processor(s) or (idi) to portions of ©proces-
sor (s) /software (including digital signal ©proces-

sor(s)), software, and memory(ies) that work together
to cause an apparatus, such as a mobile phone or serv-
er, to perform various functions) and (c¢c) to circuits,
such as a microprocessor(s) or a portion of a micro-

processor (s), that require software or firmware for
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operation, even if the software or firmware is not
physically present. This definition of ‘circuitry’ ap-
plies to all uses of this term in this application,
including in any claims. As a further example, as used
in this application, the term “circuitry” would also
cover an implementation of merely a processor (or mul-
tiple processors) or portion of a processor and its
(or their) accompanying software and/or firmware. The
term “circuitry” would also cover, for example and if
applicable to the particular claim element, a baseband
integrated circuit or applications processor integrat-
ed circuit for a mobile phone or a similar integrated
circuit in server, a cellular network device, or other
network device

When the at least one processor 614 executes
functional entities associated with the invention,
memory 620 comprises entities such as, any of the
functional entities 632, 634 and 636.

The functional entities within apparatus 500
illustrated in Figure 5 and the functional entities
within apparatus 600 illustrated in Figure 6 may be
implemented in a variety of ways. They may be imple-
mented as processes executed under the native operat-
ing system of the network node. The entities may be
implemented as separate processes or threads or so
that a number of different entities are implemented by
means of one process or thread. A process or a thread
may be the instance of a program block comprising a
number of routines, that is, for example, procedures
and functions. The functional entities may be imple-
mented as separate computer programs or as a gingle
computer program comprising several routines or func-
tions implementing the entities. The program Dblocks
are stored on at least one computer readable medium
such as, for example, a memory circuit, memory card,
magnetic or optical disk. Some functional entities may

be implemented as program modules linked to another
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functional entity. The functional entities in Figure 4
may also be stored in separate memories and executed
by separate processors, which communicate, for exam-
ple, via a message bus or an internal network within
the network node. An example of such a message bus is
the Peripheral Component Interconnect (PCI) bus.

The embodiments of the invention described
hereinbefore in association with Figures 1, 2, 3, 4, 5
and 6 or the summary of the invention may be used in
any combination with each other. Several of the embod-
iments may be combined together to form a further em-
bodiment of the invention.

The exemplary embodiments of the invention
can be included within any suitable device, for exam-
ple, including any suitable servers, workstations,
PCs, laptop computers, PDAs, Internet appliances,
handheld devices, cellular telephones, wireless devic-
es, other devices, and the like, capable of performing
the processes of the exemplary embodiments, and which
can communicate wvia one or more interface mechanisms,
including, for example, Internet access, telecommuni-
cations in any suitable form (for instance, voice, mo-
dem, and the like), wireless communications media, one
or more wireless communications networks, cellular
communications networks, 3G communications networks,
4G communications networks, Public Switched Telephone
Network (PSTNs), Packet Data Networks (PDNs), the In-
ternet, 1intranets, a combination thereof, and the
like.

It is to be understood that the exemplary em-
bodiments are for exemplary purposes, as many varia-
tions of the specific hardware used to implement the
exemplary embodiments are possible, as will be appre-
ciated by those skilled in the hardware art(s). For
example, the functionality of one or more of the com-

ponents of the exemplary embodiments can be implement-
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ed via one or more hardware devices, or one or more
software entities such as modules.

The exemplary embodiments can store infor-
mation relating to various processes described herein.
This information can be stored in one or more memo-
ries, such as a hard disk, optical disk, magneto-
optical disk, RAM, and the 1like. One or more data-
bases can store the information regarding cyclic pre-
fixes used and the delay spreads measured. The data-
bases can be organized using data structures (e.g.,
records, tables, arrays, fields, graphs, trees, lists,
and the 1like) included in one or more memories or
storage devices 1listed herein. The processes de-
scribed with respect to the exemplary embodiments can
include appropriate data structures for storing data
collected and/or generated by the processes of the de-
vices and subsystems of the exemplary embodiments in
one or more databases.

All or a portion of the exemplary embodiments
can be implemented by the preparation of one or more
application-specific integrated circuits or by inter-
connecting an appropriate network of conventional com-
ponent circuits, as will be appreciated by those
skilled in the electrical art(s).

As stated above, the components of the exem-
plary embodiments can include computer readable medium
or memories according to the teachings of the present
inventions and for holding data structures, tables,
records, and/or other data described herein. Computer
readable medium can include any suitable medium that
participates in providing instructions to a processor
for execution. Such a medium can take many forms, in-
cluding but not limited to, non-volatile media, vola-
tile media, transmission media, and the 1like. Non-
volatile media can include, for example, optical or
magnetic disks, magneto-optical disks, and the 1like.

Volatile media can include dynamic memories, and the
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like. Transmission media can include coaxial cables,
copper wire, fiber optics, and the like. Transmission

media also can take the form of acoustic, optical,
electromagnetic waves, and the 1like, such as those
generated during radio frequency (RF) communications,
infrared (IR) data communications, and the like. Com-
mon forms of computer-readable media can include, for
example, a floppy disk, a flexible disk, hard disk,
magnetic tape, any other suitable magnetic medium, a
CD-ROM, CDRW, DVD, any other suitable optical medium,
punch cards, paper tape, optical mark sheets, any oth-
er suitable physical medium with patterns of holes or
other optically recognizable indicia, a RAM, a PROM,
an EPROM, a FLASH-EPROM, any other suitable memory
chip or cartridge, a carrier wave or any other suita-
ble medium from which a computer can read.

While the present inventions have Dbeen de-
scribed in connection with a number of exemplary em-
bodiments, and implementations, the present inventions
are not so limited, but rather cover various modifica-
tions, and equivalent arrangements, which fall within
the purview of prospective claims.

The embodiments of the invention described
hereinbefore in association with the figures presented
and the summary of the invention may be used in any
combination with each other. Several of the embodi-
ments may be combined together to form a further em-
bodiment of the invention.

It is obvious to a person skilled in the art
that with the advancement of technology, the basic
idea of the invention may be implemented in wvarious
ways. The invention and its embodiments are thus not
limited to the examples described above; instead they

may vary within the scope of the claims.
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CLAIMS:

1. A method, comprising:
dividing a target area to grid having a predefined
resolution, the grid comprising a plurality of cells;
determining a plurality of movement paths of a
plurality of mobile nodes, each movement path compris-
ing an origin cell and a target cell, the origin cell
and the target cell being determined using a magnetic
map of the target area;
determining durations of the plurality of movement
paths for an elevator user;
forming a route topology data structure using the
plurality of movement paths and the durations of the
plurality of movement paths, the route topology data
structure comprising for the plurality of cells a time
to reach an elevator location cell;
determining an elevator call in a request cell by
a requesting mobile node, the request cell being the
cell in which the elevator call is made;
determining the time to reach the elevator loca-
tion cell using the route topology data structure and
information on the request cell; and
selecting an elevator car to serve the elevator
call based on the time to reach the elevator location
cell, a floor of the elevator location cell, current
positions of at least two elevator cars, and current
directions of at the least two elevator cars.
2. The method according to claim 1, the meth-
od further comprising:
measuring the magnetic map of the target area us-
ing a magnetometer; and
storing the magnetic map to a memory.
3. The method according to claims 2, wherein
the step of storing the magnetic map to the memory

comprises:
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transmitting a plurality of magnetic map measure-
ments of the target area to a magnetic map network
server; and

storing the magnetic map to a memory within the
magnetic map network server.

4. The method according to any of the claims
1 - 3, the method further comprising:

determining actual time required for the request-
ing mobile node to reach the elevator location cell;
and

updating the data related to at least the request
cell in the route topology data structure using the
actual time.

5. The method according to any of the claims
1 - 4, the method further comprising:

associating a mobile node identifier for each of
the plurality of movement paths;

determining a speed category for each mobile node;
and

storing in the route topology data structure a
time to reach an elevator location cell for each speed
category.

6. The method according to claim 4, wherein
the step of determining the time to reach the elevator
location cell comprises:

determining a speed category of the mobile node.

7. The method according to any of the claims
1 - 6, wherein the elevator call comprises information
on the target floor and the selecting of the elevator
car to serve the elevator call uses the target floor
as a further criterion.

8. The method according to claim 7, the meth-
od further comprising:

transmitting information on the magnetic map to

the plurality of mobile nodes.



WO 2014/118424 PCT/FI12013/050111

35

9. The method according to any of the claims
1 - 8, wherein the step of forming the route topology
data structure comprises:

receiving information on the plurality of movement
paths and movement path durations from the plurality
of mobile nodes to a route network server; and

forming the route topology data structure in the
route network server.

10. The method according to claim 9, wherein
the method further comprises:

receiving the elevator call from the requesting
mobile node by the route network server, the route
network server determining the time to reach the ele-
vator location cell using the route topology data
structure and the request cell and the route network
server selecting the elevator car to serve the eleva-
tor call.

11. The method according to any of the claims
1 - 10, the method further comprising:

transmitting a request to a controller associated
with the selected elevator car, the request indicating
the floor the elevator call was made in.

12. The method according to any of the claims
1 - 11, the method further comprising:

indicating the selected elevator car to the user
of the mobile node.

13. The method according to claim 12, wherein
the selected elevator car is indicated to the user of
the mobile node using a display of the mobile node.

14. The method according to claim 12, wherein
the selected elevator car is indicated to the user of
the mobile node using an external display within a
predefined proximity from the mobile node.

15. The method according to any of the claims
1 - 14, wherein the time to reach a door of the eleva-

tor car from the elevator location cell 1s used in the
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selection of the elevator car to serve the elevator
call.

16. A method, comprising:

dividing a target area to grid having a predefined
resolution, the grid comprising a plurality of cells
by a mobile node;

determining a first cell by the mobile node using
a magnetic map in the mobile node;

determining a second cell by the mobile node using
the magnetic map in the mobile node;

determining the time elapsed to move between the
first cell and the second cell;

transmitting information on the first cell, the
second cell and the time elapsed to a route topology
network node;

receiving a route topology data structure by the
mobile node from the route topology network node, the
route topology data structure comprising for a plural-
ity of cells a time to reach an elevator location
cell;

determining an elevator call by the mobile node;

determining a request cell in which the elevator
call is made using the magnetic map in the mobile
node;

determining the time to reach the elevator loca-
tion cell using the route topology data structure and
information on the request cell; and

transmitting the time to reach the elevator loca-
tion cell to an elevator control network node.

17. An apparatus comprising at least one pro-
cessor and at least one memory including computer pro-
gram code, the at least one memory and the computer
program code configured to, with the at least one pro-
cessor, cause the apparatus at least to perform:

dividing a target area to grid having a predefined

resolution, the grid comprising a plurality of cells;
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receiving information on a plurality of movement
paths of a plurality of mobile nodes, each movement
path comprising an origin cell and a target cell, the
origin cell and the target cell being determined using
a magnetic map of the target area;

determining the durations of the plurality of
movement paths;

forming a route topology data structure using the
plurality of movement paths and the durations of the
plurality of movement paths, the route topology data
structure comprising for a plurality of cells a time
to reach an elevator location cell;

receiving information on an elevator call in a re-
quest cell by a reguesting mobile node, the request
cell being the cell in which the elevator call is
made;

determining the time to reach the elevator loca-
tion cell using the route topology data structure and
the request cell; and

selecting an elevator car to serve the elevator
call based on the time to reach the elevator location
cell, a floor of the elevator location cell, current
positions of at least two elevator cars, and current
directions of at the least two elevator cars.

18. An apparatus comprising at least one pro-
cessor and at least one memory including computer pro-
gram code, the at least one memory and the computer
program code configured to, with the at least one pro-
cessor, cause the apparatus at least to perform:

dividing a target area to grid having a predefined
resolution, the grid comprising a plurality of cells
by a mobile node;

determining a first cell by the mobile node using
a magnetic map in the mobile node;

determining a second cell by the mobile node using

the magnetic map in the mobile node;
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determining the time elapsed to move between the
first cell and the second cell;

transmitting information on the first cell, the
second cell and the time elapsed to a route topology
network node;

receiving a route topology data structure by the
mobile node from the route topology network node, the
route topology data structure comprising for a plural-
ity of cells a time to reach an elevator location
cell;

determining an elevator call by the mobile node;

determining a request cell in which the elevator
call is made using the magnetic map in the mobile
node;

determining the time to reach the elevator loca-
tion cell using the route topology data structure and
information on the request cell; and

transmitting the time to reach the elevator loca-
tion cell to an elevator control network node.

19. A computer program comprising code
adapted to cause the following when executed on a da-
ta-processing system:

dividing a target area to grid having a predefined
resolution, the grid comprising a plurality of cells;

determining a plurality of movement paths of a
plurality of mobile nodes, each movement path compris-
ing an origin cell and a target cell, the origin cell
and the target cell being determined using a magnetic
map of the target area;

determining the durations of the plurality of
movement paths;

forming a route topology data structure using the
plurality of movement paths and the durations of the
plurality of movement paths, the route topology data
structure comprising for a plurality of cells a time

to reach an elevator location cell;
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determining an elevator call in a request cell by
a requesting mobile node, the request cell being the
cell in which the elevator call is made;

determining the time to reach the elevator loca-
tion cell using the route topology data structure and
the request cell; and

selecting an elevator car to serve the elevator
call based on the time to reach the elevator location
cell, a floor of the elevator location cell, current
positions of at least two elevator cars, and current
directions of at the least two elevator cars.

20. The computer program according to claim
19, wherein said computer program is stored on a com-
puter readable medium.

21. A computer program comprising code
adapted to cause the following when executed on a da-
ta-processing system:

dividing a target area to grid having a predefined
resolution, the grid comprising a plurality of cells
by a mobile node;

determining a first cell by the mobile node using
a magnetic map in the mobile node;

determining a second cell by the mobile node using
the magnetic map in the mobile node;

determining the time elapsed to move between the
first cell and the second cell;

transmitting information on the first cell, the
second cell and the time elapsed to a route topology
network node;

receiving a route topology data structure by the
mobile node from the route topology network node, the
route topology data structure comprising for a plural-
ity of cells a time to reach an elevator location
cell;

determining an elevator call by the mobile node;
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determining a request cell in which the elevator
call is made using the magnetic map in the mobile
node;

determining the time to reach the elevator loca-
tion cell using the route topology data structure and
information on the request cell; and

transmitting the time to reach the elevator loca-
tion cell to an elevator control network node.

22. The computer program according to claim

21, wherein said computer program is stored on a com-

puter readable medium.
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